Introduction {#Sec1}
============

Infection is a major cause of morbidity and mortality in intensive care units (ICU) \[[@CR1]\]. The most common ICU-acquired infections are due to hospital-associated pneumonia (HAP), which were reported to be 15 to 18 episodes per 1000 ventilator days in Europe and 12% in French healthcare Networks \[[@CR2], [@CR3]\].

In selective digestive decontamination (SDD), an enteral and oropharyngeal paste containing antimicrobials is combined with short-term systemic prophylactic antibiotics. In ICU patients, SDD has been associated with reductions in hospital mortality, HAP, and the duration of mechanical ventilation \[[@CR4]--[@CR8]\]. The French guidelines for HAP suggest the routine use of SDD to prevent HAP in units with low levels of antibiotic resistance \[[@CR9]\]. Historically, the duration of systemic prophylactic antibiotic administration has been 4 days, but this duration has ranged from 2 to 5 days in previous studies \[[@CR10]\].

Prolonged antibiotic therapy may lead to the emergence of multi-drug-resistant (MDR) organisms \[[@CR11], [@CR12]\]. Because the major fear associated with SDD use is the development of MDR organisms, reduction in the exposure to systemic antibiotics could decrease this risk, but it could be associated with the decreased efficiency of the procedure.

We hypothesized that the reduction in the duration of the systemic prophylactic antibiotic would not affect the patient outcomes. In this before-and-after study, we aimed to evaluate the effects on the occurrence of HAP of the decrease in the duration of a systemic prophylactic antibiotic in the SDD setting from 3 to 2 days. The secondary goals were to assess the rates of ICU-acquired infections, the number of antibiotic-free days, ventilator-free days, vasopressor-free days, and ICU-free days, in addition to the septic shock and ICU- and 28-day mortality rates in the 2-day and 3-day study periods.

Materials and methods {#Sec2}
=====================

Study design and patients {#Sec3}
-------------------------

From February 2014 to March 2018, we conducted a retrospective before-and-after study in the 15-bed ICU of a 625-bed university hospital (Hôpital Nord, Marseille, France). All patients admitted to the ICU for trauma, coma, or cardiac arrest with a length of stay of at least 3 days and requiring tracheal intubation at admission were included. Patients admitted for infection and receiving curative antibiotics or patients with inappropriate treatment (incomplete, duration error) were not included. The SDD regimen was started on the day of tracheal intubation.

The oropharyngeal paste contained polymyxin E (2%), tobramycin (2%), and amphotericin B (2%). Enteral mixture was administered through a nasogastric tube in 10 ml of a suspension containing 100-mg polymyxin E, 80-mg tobramycin, and 500-mg amphotericin B. The application was performed three times daily until tracheal extubation in all patients. The systemic prophylactic antibiotic was cefazolin, which was administered intravenously at 1 g every 8 h, except in patients reporting an allergy (no systematic antibiotic in these patients). The patients were managed according to international guidelines \[[@CR9]\]. In our ICU, antimicrobial stewardship is based on the protocols described elsewhere \[[@CR13], [@CR14]\].

In February 2016, the duration of systemic prophylactic antibiotic administration was reduced from 3 to 2 days to decrease the patients' exposure to the antibiotic. The patients admitted from February 1, 2014, to February 1, 2016, were included in the 3-day SDD group, and those admitted from March 1, 2016, to March 1, 2018, were included in the 2-day SDD group.

Data collection {#Sec4}
---------------

Demographic and clinical features, including age, gender, simplified acute physiology score (SAPS II), and the reason for admission were collected from our electronic database. We recorded HAP and other ICU-acquired infections, including catheter-associated urinary tract infection (CAUTI), bloodstream infection, and others (e.g., meningitis and intra-abdominal infection) between the day of admission and day 28. Once a week, all diagnosis of infection are discussed and reviewed by the same group of senior intensivists and an infectious diseases physician, and decisions are based according to international definitions (Supplemental data [1](#MOESM2){ref-type="media"}). The same definition was used during the pre- and post-intervention periods. We also recorded bacterial and *Candida* spp. colonization in the lung and urine, MDR organism infection and/or colonization, candidemia, and *Clostridium difficile* infection. We recorded the number of patients who received narrow-spectrum β-lactams, which were then defined by the use of cloxacillin, amoxicillin, amoxicillin-clavulanate, and cephalosporin; broad-spectrum β-lactams defined by use of piperacillin-tazobactam, ceftazidime, cefepime, carbapenem; and other antibiotics defined by use of fluoroquinolone, gentamicin, amikacin, vancomycin, linezolid, and metronidazole. The number of antibiotic-free days (excluding the antibiotics used in SDD), ventilator-free days, vasopressor-free days, and ICU-free days were reported from the day of admission to day 28 or the day of death, as applicable. Septic shock was defined according to the international definition \[[@CR15]\]. We recorded the ICU readmission rates, ICU rates, and 28-day mortality rates. Patients with missing data were excluded from the analysis.

Statistical analysis {#Sec5}
--------------------

The statistical analyses were performed using the R-Project 3.4.4 software for Ubuntu Linux. The quantitative data were expressed in means with standard deviation. The quantitative data were compared using an analysis of variance ANOVA. A Student's t test was used when the data distribution was normal. A Kruskal-Wallis (or Mann-Whitney) test was used if it was not normal. The qualitative data were expressed as absolute numbers and percentages. Proportion comparisons were made using a chi-squared test or an exact Fisher test. A value of *p* \< 0.05 was used as the final significance threshold. A multivariate logistic regression analysis was performed. The relevant variables of *p* \< 0.2 in the univariate analysis were included in a stepwise variable selection model. A value of *p* \< 0.05 was used as the final significance threshold. Our study was based on a before-and-after design and included all patients who met the inclusion criteria during the two study periods. However, to ensure a power of 90% with an alpha value of 5% and a 12% rate of hospital-associated pneumonia \[[@CR3]\], the sample size required per group was 93 patients.

Ethical considerations {#Sec6}
----------------------

In this observational retrospective study, based on the French legislation on biomedical research (articles L. 1121--1 paragraph 1 and R. 1121--3, Public Health Code), no ethical problems were present, which was confirmed by the Comité d'Ethique pour la Recherche en Anesthésie-Réanimation (CERAR) \[[@CR16]\]. The patients and their families were informed that their data could be used in this study during their ICU stay. The data were stored and treated according to the Commission Nationale de l'Informatique et des Libertés (CNIL) authorization number 2018--32.

Results {#Sec7}
=======

During the study period, 3233 patients were admitted to our ICU. Of these patients, 1471 were admitted between February 1, 2014, and February 1, 2016, and 1762 were admitted between March 1, 2016, and March 1, 2018, (Fig. [1](#Fig1){ref-type="fig"}). Among these patients, 505 were admitted for trauma, coma, or cardiac arrest with mechanical ventilation and an ICU length of stay of 3 days or more. Fifty-eight patients were not included because they required antibiotic therapy at admission for a (suspected) infection or inappropriate treatment (absence or incomplete). Finally, 199 and 248 patients were included in the 3-day SDD group and the 2-day SDD group, respectively.Fig. 1Flow chart

The results of the univariate analysis are shown in Table [1](#Tab1){ref-type="table"}. The demographic data were similar in both groups. Although the number of HAPs was similar in both groups, the rate of bloodstream infections was lower in the 2-day SDD group than in the 3-day SDD group (10 \[4%\] and 21 \[11%\], respectively; *p* = 0.012). The number of MDR organisms collected in the urine, lungs, and infected sites was similar in both groups (10 \[5%\] and 10 \[4%\], respectively, *p* = 0.784). *Candida* colonization and *C. difficile* infections did not differ between the two groups (Table [1](#Tab1){ref-type="table"}). The number of bacteriuria was significantly lower in the 2-day SDD group than in the 3-day SDD group (14 \[6%)\] and 28 \[14%\], respectively; *p* = 0.004).Table 1Results of univariate analysisVariable3-day SDD (*n* = 199)2-day SDD (*n* = 248)*P* valueAge (yr.), mean ± SD47 ± 2048 ± 210.947Sex, male no (%)146 (73)197 (79)0.163SAPS II score, mean ± SD53 ± 1553 ± 160.538Reason for admission, no (%)0.160  Trauma148 (74)200 (81)  Coma35 (18)28 (11)  Cardiac arrest16 (8)20 (8)ICU infection, no (%)47 (24)58 (23)1.000  HAP23 (12)28 (11)1.000  CAUTI9 (5)15 (6)0.617  Bloodstream infection21 (11)10 (4)0.012  Others12 (6)13 (5)0.878Bacterial colonization, no (%)55 (28)54 (22)0.185  Lung colonization32 (16)43 (17)0.821  Bacteriuria28 (14)14 (6)0.004*Candida* colonization, no (%)18 (9)15 (6)0.307MDR bacteria, no (%)10 (5)10 (4)0.784Candidemia, no (%)0 (0)1 (0.4)1.000*Clostridium difficile* infection, no (%)1 (0.5)1 (0.4)1.000Antibiotic-free days (d), mean ± SD19 ± 1021 ± 90.036Antibiotics administered, No (%)  Narrow-spectrum β-lactams27 (14)35 (14)0.978  Broad-spectrum β-lactams41 (21)44 (18)0.519  Others31 (16)38 (15)1.000Septic shock, no (%)11 (6)8 (3)0.336Ventilator-free days (d), mean ± SD12 ± 1115 ± 11\< 0.001Vasopressor-free days (d), mean ± SD19 ± 1020 ± 100.534ICU-free days (d), mean ± SD10 ± 1012 ± 100.011ICU readmission, no (%)12 (6)12 (5)0.731ICU mortality, no (%)63 (32)63 (25)0.17528-day mortality, no (%)63 (32)66 (27)0.287*SAPS II*, simplified acute physiology score; *ICU*, intensive care unit; *HA*P, hospital-acquired pneumonia; *CAUTI*, catheter-associated urinary tract infection; *MDR*, multi-drug resistant

In the 2-day SDD group, the numbers of antibiotic-free days, mechanical ventilator-free days, and ICU-free days were higher than in the 3-day SDD group. The ICU-mortality and 28-day mortality rates did not differ significantly in the two groups.

The multivariate analysis showed that the 3-day SDD group was an independent factor associated with the increased risk of bacteriuria and bloodstream infection, whereas it was a protective factor associated with the number of ventilator-free days (Table [2](#Tab2){ref-type="table"}).Table 2Results of multivariate logistic regression analysis of 3-day selective digestive decontaminationVariableOR95% CIBacteriuria2.541.28--5.27Bloodstream infection2.841.28--6.67Ventilator-free days0.940.88--0.99ICU-free days1.050.99--1.12*OR*, odd ratio; *CI*, confidence interval; *ICU*, intensive care unit. The relevant variables of *p* \< 0.2 in the univariate analysis were included in a stepwise variable selection model

Discussion {#Sec8}
==========

In our study, the reduced duration of the administration of a systemic prophylactic antibiotic from 3 to 2 days was not associated with an increase in HAP, ICU infections, or 28-day mortality rate. In comparison, the administration of the systemic prophylactic antibiotic to the patients in the 3-day group was associated with higher rates of bacteriuria and bloodstream infections, increased exposure to mechanical ventilation, and increased exposure to antibiotics.

In the SDD setting, topical antimicrobials alone decreased the rate of respiratory infection, but this strategy did not affect the mortality rates \[[@CR5]\]. An effect on mortality was found in patients treated using a combination of topical and systemic prophylactic antimicrobials \[[@CR5], [@CR6], [@CR17]\]. In most previous studies, the duration of systemic treatment was 4 days. A fixed duration of 4 days comes from studies carried out in the 1980s. The rational was a systemic prophylaxis administration until most potentially pathogenic microorganisms colonizing the patient are eliminated by SDD \[[@CR10], [@CR18]\]. Many studies compared short- versus long-term antibiotic prophylaxis in surgery without showing any difference on surgical site infections \[[@CR19]--[@CR21]\]. To our knowledge, this study is the first to investigate the duration of systemic antibiotics in SDD.

The use of SDD is controversial, particularly a systemic prophylactic antibiotic. The European guidelines for the management of HAP suggest the use of selective oral decontamination, but not SDD \[[@CR22]\]. The main reason for the restriction on its use is the uncertain effect on bacterial resistance, especially in parts of the world where the prevalence of resistant microorganisms is higher \[[@CR23]\]. However, SDD has been found to be effective and safe in environments with low levels of resistance \[[@CR23]--[@CR25]\]. In trauma patients, prophylactic antibiotic days were identified as an independent predictor of MDR organism development \[[@CR12]\], where patients who developed MDR organism pneumonia received on average 7 days of prophylactic antibiotics, whereas those who developed susceptible HAP received only 2 days of prophylactic antibiotics \[[@CR12]\]. In the present study, we modified our protocol by reducing the number of prophylactic antibiotic days. In our study, the prevalence of MDR organisms in the lung, urine, or blood of the patients in our sample was around 5%. In our ICU, systematic rectal sampling for MDR organisms during the stay was implemented in 2018. Therefore, we were unable to compare the ecological effects over the two periods of the study. However, the analysis of other sites did not show significant differences in MDR organism colonization or infection; therefore, it could be hypothesized that decreased antimicrobial exposure would not have deleterious effects on the ecology.

Previous studies showed that SDD decreased the number of bloodstream infections \[[@CR26], [@CR27]\]. In our study, the decrease in the duration of the systemic prophylactic antibiotic was associated with decreased numbers of bloodstream infections, bacteriuria, exposure to antibiotics (excluding those used for SDD), and days without mechanical ventilation. It should be noted that variables not included in our analyses may have affected these findings. Although these results may also have been due to a change in practice between the two periods, they confirmed the efficacy of administering systemic prophylactic antibiotics for SDD during a short period.

Our study has several limitations. The retrospective design was based on before-and-after analyses. Hence, although our protocols and practices were similar during the two study periods, unrecognized changes may have affected our findings. However, the two study populations were similar. It is possible that other factors that could influence the results were not included such as co-morbidities and the use of catheters. However, the rates of catheter-associated bloodstream infections and catheter-associated urinary tract infections were stable during the study period (around 2% and 5--6% in 2016 and 2018, respectively). Colonization was defined by isolation of a micro-organism without evidence of infection. As the samples were ordered by the judgment of a clinician, these results have to be interpreted with caution. In addition, because this study was conducted in a single ICU, further research is required to confirm the generalizability of the results to other ICUs. The ecology of our patients cannot be assumed to reflect that in other ICUs because only 5% of pathogens were considered MDR organisms. The French guidelines on HAP in ICUs were published in November 2017. Because our study period was from February 2014 to March 2018, the influence of these guidelines on our results was probably limited; moreover, SDD has been used in our ICU for several years \[[@CR28]--[@CR30]\]. Bundles of care for the prevention of HAP have also been widely used in our ICU \[[@CR9]\]. As explained above, the systematic use of rectal sampling was reintroduced in 2018, which made it difficult to assess the rectal colonization of the patients in our study. Finally, to limit the potential for bias, possible confounding factors were included in the analysis.

In conclusion, although unmeasured confounding factors may account for our results, the decrease in the duration of systemic prophylactic antibiotic SDD from 3 to 2 days was not associated with an increase in ICU infections. So, this strategy seems safe while reducing the amount of systemic antibiotics used. This observation needs to be replicated in other ICUs. A prospective and multi-center randomized controlled trial should be conducted to evaluate the optimal duration of the administration of systemic prophylactic antibiotics as a component of the SDD regimen.
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